Fusarium has recently emerged as an opportunistic pathogen of humans, but the 22 histological differentiation of Fusarium from Aspergillus and Scedosporium is 23 particularly difficult, because these fungi may induce similar clinical features and exhibit 24 filamentous development in host tissues. Thus, there is a need to establish rapid and 25 reliable methods applicable to pathological diagnoses. The aim of this study was to 26 evaluate and establish in situ hybridization (ISH) using peptide nucleic acid (PNA) 27 probes targeting the 28S rRNA to identify Fusarium species in tissue sections. This 28 technique was validated using both formalin-fixed and paraffin-embedded pulmonary 29 tissues from mice infected with seven different species of fungi and cell blocks from 30 fungal cultures of 30 strains. As a result, strong positive signals were observed within 31 fungal organisms present in tissues of the lung from mice infected with Fusarium solani. 32
Ltd., Tokyo, Japan) with 10 % calf fetal serum (Sigma Aldrich Co. St. Louis, USA). From 112 cultures of the above-mentioned moulds or yeasts, fungal cell suspensions were prepared 113 in 10% formalin for fixation. Fixed moulds were collected with centrifugation for 10 min 114 at 2000 rpm. The cluster of molds was carefully transferred onto filter paper (Advantec 115 Toyo, Ltd. Tokyo, Japan) with pointed forceps. This was also wrapped with same filter 116 paper and placed in an embedding cassette (Murazumi Industrial Co., Ltd. Hyogo, Japan), 117 and penetrated with paraffin using an automated tissue processor (Tissue-Tek VIP 118
Premier, Sakura Finetek Japan Co., Ltd. Tokyo, Japan) (12). The cluster of moulds 119 on October 16, 2017 by guest http://jcm.asm.org/ Downloaded from penetrated with paraffin was transferred to bottom of an embedding stainless dish and 120 followed by filling solidifying of paraffin, and cut into 3 µm thickness sections which 121 were mounted on aminoalkylsilane-coated slide glasses (Dako Japan, Tokyo, Japan). non-Fusarium sequences, the probe for Fusarium spp. was designed. As shown in figure  136 1, Fusarium spp. antisense PNA probe targeting the 28S rRNA could be designed and 137 evaluated on a genus-specific level. The sequence revealed at least nine to fourteen 138 mismatches within the target region in sequences of non-target organisms. Furthermore, 139
to assess the retention of RNA in samples, we also designed a panfungal antisense PNA 140 probe in the same way. Each selected sequence was checked for specificity against the 141
GenBank database using Basic Local Alignment Search Tool (BLAST) 142
(http//www.ncbi.nlm.nih.gov/BLAST/). The selected sequence was then synthesized and 143 the N-terminus of the oligomer was conjugated to fluorescein isothiocyanate (FITC) via a 144 double aminoethoxyethoxyacetate (AEEA) linker (Fasmac Co., Ltd., Kanagawa, Japan). 145 ISH. The ISH procedure was performed as described previously (24). Briefly, sections 146 were deparaffinized and rehydrated according to standard procedures. To expose target 147 nucleic acids in the formalin-fixed tissue, the sections were treated with a 1 mM 148 concentration of EDTA buffer (pH 8.0) in a water bath (Thermo Fisher Scientific K.K., 149
Yokohama, Kanagawa) for 20 min at 98 °C and digested with a 10 µg/ml concentration of 150 proteinase K (Nippon Gene Co., Ltd., Tokyo, Japan) for 10 minutes at 37 °C. 151 on October 16, 2017 by guest http://jcm.asm.org/
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Hybridization was performed at 56°C for 90 min with 1 µg/ml PNA probe dissolved in 152 hybridization medium (Dako Japan, Tokyo, Japan). After repeated washings with 2 × 153 standard saline citrate (SSC) at 56 °C, the signals were detected by enzyme 154 immunohistochemistry using an anti-FITC antibody (Roche Diagnostics K.K., Tokyo, 155 Japan) and horseradish peroxidase-labelled polymer solution (Nichirei Biosciences Inc., 156
Tokyo, Japan). Finally, the sites of peroxidase were visualized by 3,3'-Diaminobenzidine, 157 tetrahydrochloride (DAB) (Dojindo Laboratories, Kumamoto, Japan) in the presence of 158 within fungal organisms present in lung tissue from mice infected with F. solani (Fig. 3d) . 174
Positive organisms typically exhibited a signal visualized by DAB reaction which was 175 replacing and limited in a large part of cytoplasm, and can be recognized as black fine 176 dots. The signal intensity varied within and between fungal organisms in tissue sections. 177
No substantial background signal was observed in any tissue. In addition, no 178 hybridization was found in other fungi tested. 179 Specificity of ISH for Fusarium spp. in cell blocks of cultured fungi. In total, 30 cell 180 block sections from formalin-fixed and paraffin-embedded fungi of 30 strains were 181 studied (see Fig. S1 in the supplemental material). Within the panel of 30 fungi, the 182 Fusarium spp. PNA probe reacted strongly with both F. solani (Fig. 4d) and F. oxysporum 183 in sections of cell blocks. The signal intensity and distribution in fungal organisms were 184 similar to those observed in animal models. With the exception of Fusarium spp., the P. Recently, several genome databases have provided new information that can be used for 197 field studies for the molecular identification and epidemiology of pathogenic fungi. 198 Accordingly, sensitive and rapid molecular detection assays have been established using 199 PCR-based methods to detect fungal DNA (7, 11, 27) . The application of these molecular 200 techniques to formalin-fixed and paraffin-embedded tissue has also been reported (2, 13, 201 21). Although there have been a few attempts to use ISH to detect fungal agents in 202 histopathological specimens (6, 8, 9, 14, 15) properties of its hybridization, PNA is beginning to be applied in ISH to detect fungal 228 nucleic acids (20, 22, 26, 28) ; however, there has been no report of the application of such 229 a probe to formalin-fixed and paraffin-embedded tissues. Better outcomes are obtained 230 with PNA probes compared to conventional DNA probes (26). In our first approach we 231 confirmed that PNA probes required shorter hybridization times than double-stranded 232 DNA probes. From a standpoint of decreased assay turnaround time, the application of 233 PNA probes is especially attractive. The 28S rRNA sequence was selected as a detection target because its large size may 242 reveal adequate differences in distinguishing closely related organisms. In addition, it has 243 been accepted that multiple copies of ribosomal genes are present in fungi, which can be 244 transcribed into rRNA. It is essential that assessment of retention of rRNA and its 245 hybridizability be performed, because loss of rRNA or failure of the accessibility of 246 probes in processed tissue sections can lead to misleading results. In this study, we 247 designed a panfungal PNA probe and confirmed that the intensity of ISH signals of this 248 probe was similar to those of species-specific probes. These findings suggest that ISH 249 with the panfungal probe may be useful for the estimation of hybridizable rRNA for the 250 specific detection of human pathogenic fungi. 
